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(57) ABSTRACT 

A tracheal tube ventilation apparatus to more effectively 
remove expired gases. In one preferred embodiment, one or 
more leak holes are created in the side Walls of an endot 
racheal tube so that expired gases can leak out of the 
endotracheal tube above the larynx, such as into the back of 
the mouth (i.e., oropharynx). Each leak hole might advan 
tageously have a diameter betWeen 0.5 and 4.0 mm. In 
another preferred embodiment, a tube is attached to a 
proportionately larger leak hole (e.g., up to 8.0 mm) so that 
the expired gases can be directed aWay from the leak hole to 
a speci?c location, such as directed out of the mouth. In the 
case of mechanically controlled ventilation, a positive end 
expiratory pressure can be applied to this tube to mechani 
cally assist With the process of exhaling. In each of these 
embodiments, it is preferred, but not required, that the 
endotracheal tube be an ultra-thin Walled, tWo stage tube so 
as to further assist in the reduction of resistance to the How 
of oxygen/air. 
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ENDOTRACHEAL TUBE USING LEAK HOLE TO 
LOWER DEAD SPACE 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates to medical devices to 
assist patient breathing. More particularly, a tracheal tube 
ventilation apparatus is disclosed Which, through use of one 
or more endotracheal tube leak holes, or connecting tubes, is 
able to more ef?ciently rid the patient of expired gases and 
thereby promote healthier breathing. 

BACKGROUND OF THE INVENTION 

[0002] Through injury or diseases, human or animal lungs 
can become too Weak to sustain a sufficient ?oW of oxygen 
to the body and to remove adequate amounts of expired 
carbon dioxide. Under these circumstances, it is often nec 
essary to aid the lungs through forms of mechanical assis 
tance, such as mechanical ventilation. 

[0003] In a common form, mechanical ventilation 
involves the introduction of an endotracheal tube and, in 
some cases, a small, open-ended catheter Within that tube, 
into the trachea of a human or animal. The distal ends of the 
endotracheal tube and/or catheter are positioned to rest at or 
slightly above the carina of the lungs. A Well-humidi?ed 
oxygen/air mixture is then introduced through the endotra 
cheal tube and/or catheter to provide oxygen to the lungs. In 
less severe circumstances, the oxygen/air mixture can be 
supplied through the endotracheal tube and/or catheter using 
continuous positive airWay pressure (CPAP). Where CPAP 
is used, the patient Will use his or her oWn lung poWer to 
exhale the expired gas. In more severe circumstances, it is 
necessary to use mechanically controlled ventilation With a 
positive end expiratory pressure (PEEP). 

[0004] One of the draWbacks of inserting an endotracheal 
tube and/or catheter into the trachea of a patient is that it 
reduces the lumen of the tracheal passageWay and thus, 
Without mechanical assistance, Would make it more dif?cult 
for the patient to breathe. This situation is exacerbated if the 
endotracheal tube has a thick Wall. To the extent the endot 
racheal tube and/or catheter is removing space from the 
tracheal passageWay, it increases airWay resistance. This 
airWay resistance can be reduced by increasing the internal 
diameter of the endotracheal tube, but at a cost of increasing 
dead space Where expired carbon dioxide gas can accumu 
late and be inhaled during the next breath. 

[0005] There have been a number of attempts in the art to 
alleviate these airWay resistance and dead space problems. 
In the inventor’s earlier US. Pat. No. 5,429,127, Which is 
incorporated herein by reference, a tWo stage ultra-thin 
Walled endotracheal tube is disclosed Which ?ts snugly 
against the contours of the trachea and uses a thin reinforc 
ing Wire to alloW the endotracheal tube to be formed as 
thinly as possible. The ultra-thin Walled endotracheal tube is 
effective in loWering the airWay resistance as compared With 
thicker conventional endotracheal tubes. Also, in the inven 
tor’s earlier US. Pat. No. 5,687,714, a method is disclosed 
for preventing the distal end of an endotracheal tube catheter 
from becoming clogged With mucus and thereby unable to 
deliver fresh air to the lungs. By assuring that fresh air is 
delivered to the lungs, this invention reduces endotracheal 
tube dead space. While these inventions certainly represent 
important steps in the development of the tracheal ventila 
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tion art, more can still be done to address the airWay 
resistance and dead space problems. 

BRIEF SUMMARY OF THE INVENTION 

[0006] The present invention provides a tracheal tube 
ventilation apparatus to more effectively remove expired 
gases and thereby loWer dead space. In one preferred 
embodiment, this is accomplished by creating one or more 
leak holes in the Wall of the endotracheal tube above the 
larynx, such as in the back of the mouth (i.e., oropharynx), 
so that expired gases can leak out of the endotracheal tube. 
Each leak hole might advantageously have a diameter 
betWeen 0.5 and 4.0 mm. In another preferred embodiment, 
a tube is attached to a proportionately larger diameter leak 
hole (e.g., up to 8.0 mm) so that the expired gases can be 
directed aWay from the leak hole to a speci?c location, such 
as directed out of the mouth. In the case of mechanically 
controlled ventilation, a positive end expiratory pressure can 
be applied to this tube. In each of these embodiments, it is 
preferred, but not required, that the endotracheal tube be an 
ultra-thin Walled, tWo stage tube so to assist in the reduction 
of airWay resistance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 shoWs a perspective vieW of a preferred 
CPAP embodiment of the tracheal ventilation apparatus of 
the present invention illustrating use of a leak hole; 

[0008] FIG. 2 shoWs a perspective vieW of a second 
preferred CPAP tracheal ventilation apparatus embodiment 
of the present invention illustrating the use of a tube extend 
ing from the leak hole; 

[0009] FIG. 3 shoWs a perspective vieW of a third pre 
ferred embodiment of the present invention Which can be 
used for either CPAP or mechanically controlled ventilation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0010] FIG. 1 shoWs a tracheal tube ventilation apparatus 
10 for CPAP ventilation Which is constructed in accordance 
With the present invention. This tracheal tube ventilation 
apparatus 10 includes an endotracheal tube 12, a ?exible 
exterior tube 14, a balloon reservoir 16 and a safety tube 18 
With threshold valve 20. Through use of a gas supply to the 
proximal end 22 of the ?exible exterior tube 14 and a 
continuously leaking balloon reservoir 16, the tracheal tube 
ventilation apparatus 10 of this embodiment is able to 
maintain a continuous positive airWay pressure of a humidi 
?ed oxygen/ air mixture to the lungs of the ventilated patient. 
The safety tube 18 and threshold valve 20 are used as a 
safety device to protect the patient’s lungs from being 
overin?ated. If the pressure being supplied to the lungs 
becomes too great, the threshold valve 20 Will open in order 
to release excess pressure. 

[0011] The endotracheal tube 12 has an open distal end 30 
and an open proximal end 32. The open distal end 30 is the 
end inserted into the patient’s trachea, preferably to a point 
at or slightly above the carina of the patient’s lungs. The 
open proximal end 32 of the endotracheal tube 12 is con 
nected to the ?exible exterior tube 14 Where it receives the 
humidi?ed oxygen/air mixture. 

[0012] As described in the incorporated by reference US. 
Pat. No. 5,429,127, the endotracheal tube 12 of the present 
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invention is preferably formed in tWo stages 34, 36 to more 
snugly ?t against the contours of the patient’s trachea and 
pharynx. The ?rst or distal stage 34 has a smaller diameter 
in order to comfortably ?t Within the con?ned area of the 
loWer trachea. The second or proximal stage 36 has a larger 
diameter, Which corresponds With the larger diameter of the 
patient’s pharynx. Connecting the tWo stages 34, 36 is a 
tapered section 38 Which gradually increases in diameter 
from the diameter of the ?rst stage 34 to the diameter of the 
second stage 36. By having a larger diameter second stage, 
this preferred form of endotracheal tube 12 is able to greatly 
reduce the resistance to air?oW in the second stage portion 
as compared With common, single diameter endotracheal 
tubes. 

[0013] As also described in US. Pat. No. 5,429,127, the 
endotracheal tube of the present invention preferably has an 
ultra-thin Wall construction. This ultra-thin Wall construction 
can be achieved by reinforcing a plastic endotracheal tube 
With a very strong Wire 39. While it is most helpful to at least 
form the small diameter distal stage 34 of the endotracheal 
tube using a Wire reinforced, ultra-thin Wall construction, it 
is nonetheless preferred that both stages 34, 36 be formed 
using the Wire reinforced, ultra-thin Wall construction as 
shoWn in FIGS. 1 and 2. Apreferred choice of Wire for this 
application is a superelastic nickel titanium alloy memory 
Wire referred to as “Nitinol.” This Nitinol memory Wire can 
be purchased from such vendors as Fort Wayne Metal of Fort 
Wayne, Ind. This Nitinol memory Wire exhibits remarkable 
kink resistance, thereby rendering the Wire reinforced endot 
racheal tube 12 virtually crush proof. This is a particularly 
important feature When dealing With endotracheal tubes of a 
Wall thickness of about 0.2 mm or less. While a standard 
form of endotracheal tube Wall thickness, Without Wire 
reinforcement, may be over 0.8 mm thick, an ultra-thin 
Walled endotracheal tube With Nitinol Wire reinforcement 
has been successfully formed and used With a Wall thickness 
of only 0.15 mm. 

[0014] The preferred tWo stage endotracheal tube 12 of the 
present invention can be constructed in several Ways. For 
example, the Nitinol Wire 39 can be Wrapped around a tWo 
diameter Te?on® coated mandrel. Aplastic solution, such as 
a polyurethane plastic solution, can be formed around the 
Wire Wrapped mandrel to a suitable thickness and alloWed to 
harden. After the plastic has suf?ciently hardened, the Wire 
reinforced endotracheal tube can be removed from the 
mandrel for use. Alternatively, the Wire and endotracheal 
tube can be extruded simultaneously using a suitable form of 
extrusion machine. 

[0015] While the tWo stage and ultra-thin Wall construc 
tion techniques are preferred for manufacturing the endot 
racheal tubes 12 for the present invention, the leak hole and 
leak hole tube aspects of the present invention are also 
applicable to more standard, single diameter types of endot 
racheal tubes. Such a leak hole 40 is illustrated in FIG. 1. 
The basic purpose of the leak hole 40 is to alloW expiratory 
gases to be removed from the endotracheal tube as soon as 
practicable in order to loWer dead space. An advantageous 
position for such a leak hole is in that portion of the 
endotracheal tube Wall 41 Which is located above the larynx, 
such as in the back of the mouth (i.e., oropharynx). If the 
leak hole is positioned in the larynx or beloW, it Will likely 
be blocked or otherWise unable to achieve its purpose of 
removing expiratory gases. 
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[0016] As shoWn in FIG. 1, on a tWo stage endotracheal 
tube 12, an oropharynx leak hole position 40 Would typically 
correspond to the distal end of the second stage 36. While a 
range of different diameters can be used for the leak hole 40, 
the inventor has found, for example, that a diameter of 
betWeen 0.5 and 4.0 mm can be effective in achieving the 
leak hole’s purpose. Moreover, the leak hole 40 of the 
present invention need not be limited to being a single leak 
hole, nor need it be limited to being in the endotracheal tube 
12 itself. As shoWn in FIG. 1, for example, a second leak 
hole 42 can be formed at the distal end of the ?exible 
exterior tube 14. This second leak hole 42 can be particularly 
useful in the rare event that the patient’s expiratory ?oW 
pressure exceeds the pressure of the balloon reservoir 16. 

[0017] Turning noW to FIG. 2, a second CPAP tracheal 
tube ventilation apparatus 10 embodiment is illustrated. As 
in FIG. 1, this CPAP tracheal tube ventilation apparatus 10 
also includes a tWo stage endotracheal tube 12, a ?exible 
exterior tube 14 and a balloon reservoir 16. In the context of 
the present invention, the primary difference betWeen the 
FIG. 1 and FIG. 2 embodiments is that, in FIG. 2, a ?exible 
tube 46 is connected to a proportionately larger leak hole 40 
to direct gases aWay from the leak hole. This proportionately 
larger leak hole 40 might advantageously be made, for 
example, up to 8.0 mm in diameter. While this tube 46 does 
add resistance to the ?oW of expired gases from the leak 
hole, it nonetheless has the advantage of alloWing gases to 
be directed to a particular location, such as out of the 
patient’s body altogether. In this Way, expired gases Will be 
better prevented from collecting at or above of the leak hole. 

[0018] A variation of the leak hole tube concept of FIG. 
2 for either mechanically controlled or CPAP ventilation is 
shoWn in FIG. 3. In FIG. 3 the tracheal ventilation appa 
ratus 50 again has an endotracheal tube 52 With tWo stages. 
These can be With or Without (as shoWn) the Wire reinforced, 
ultra-thin Walled construction illustrated in FIGS. 1 and 2. 
As before, there is a distal or ?rst stage tube 54, Which is 
inserted into the patient’s trachea. In this case, though, there 
are tWo proximal or second stage tubes 56, 58, instead of 
one. Both of these proximal or second stage tubes 56, 58 are 
connected to their respective external tubing 60, 62. One of 
the proximal stage tubes 56 is used for supplying a humidi 
?ed oxygen/air mixture to the patient. The other proximal 
stage tubes 58 is used for removing expired gases out of the 
patient’s lungs. The operation of the supplying fresh air to 
and WithdraWing expired gas from the patient’s lungs can be 
timed to correspond to a normal breathing pattern. Those of 
skill in the art Will recogniZe that there is no special order to 
the inspiratory 56 and expiratory 58 proximal stage tubes. 
The inspiratory proximal stage tube 56 could just as easily 
be used for expiration and vice versa. 

[0019] Although the invention has been described in ref 
erence to speci?c exemplary embodiments, it Will be appre 
ciated by those in the art that the invention is intended to 
cover all modi?cations and equivalents to those embodi 
ments. For example, those of skill in the art Will immediately 
recogniZe that the leak holes and endotracheal tube cross 
sections can be formed in shapes Which are not circular (e. g., 
oval, hexagonal etc.). For these reasons, the scope of Appli 
cant’s invention is only limited by the appended claims. 
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What is claimed is: 
1. An tracheal tube apparatus for ventilation of human or 

animal lungs comprising: 

an endotracheal tube for insertion into a human or animal 
trachea having open ends and solid side Walls, Wherein 
one or more leak holes are formed in said solid endot 
racheal tube side Walls at a position above the larynx; 
and, 

a source to provide humidi?ed air ?oW through said 
endotracheal tube and into said human or animal lungs. 

2. The tracheal tube ventilation apparatus of claim 1 
Wherein each of said holes is circular and betWeen 0.5 and 
4.0 mm in diameter. 

3. The tracheal tube ventilation apparatus of claim 1 
Wherein said endotracheal tube has a smaller cross-sectional 
stage for insertion Within the trachea and a larger cross 
sectional stage for insertion above the trachea. 

4. The tracheal tube ventilation apparatus of claim 3 
Wherein at least one of said leak holes is positioned approxi 
mately in the area joining said smaller cross-sectional stage 
and said larger cross-sectional stage. 

5. The tracheal tube ventilation apparatus of claim 1 
Wherein the Walls of at least a portion of said endotracheal 
tube are formed from a thin, Wire reinforced plastic. 

6. The tracheal tube ventilation apparatus of claim 5 
Wherein said endotracheal tube plastic is polyurethane. 

7. The tracheal tube ventilation apparatus of claim 5 
Wherein said reinforcing Wire is made of a superelastic 
nickel titanium alloy. 

8. The tracheal tube ventilation apparatus of claim 1 
Wherein a further tube is attached to at least one of said 
endotracheal tube leak holes. 

9. The tracheal tube ventilation apparatus of claim 1 
Wherein said humidi?ed gas is provided into said endotra 
cheal tube at a continuous positive airWay pressure (CPAP). 

10. The tracheal tube ventilation apparatus of claim 8 
Wherein exhaust gases are removed through said further 
tube. 

11. The tracheal tube ventilation apparatus of claim 1 
Wherein at least one of said holes is positioned in the 
oropharynx of said human or animal. 

12. A tracheal tube apparatus for the ventilation of human 
or animal lungs comprising: 

an endotracheal tube for insertion into a human or animal 
trachea having open ends and solid side Walls, Wherein 
said endotracheal has a smaller cross-sectional stage for 
insertion Within the trachea, a larger cross-sectional 
stage for insertion above the trachea and at least one 
leak hole positioned in said larger cross-sectional stage 
to facilitate removal of expired gases from said endot 
racheal tube; and, 
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a source of humidi?ed air ?oW through said endotracheal 
tube and into said human or animal lungs. 

13. The tracheal tube ventilation apparatus of claim 12 
further comprising a ?exible exterior tube and a balloon 
reservoir connected to said endotracheal tube. 

14. The tracheal tube ventilation apparatus of claim 12 
Wherein the Walls of at least a portion of said endotracheal 
tube are formed from a thin, Wire reinforced plastic. 

15. The tracheal tube ventilation apparatus of claim 14 
Wherein said endotracheal tube plastic is polyurethane. 

16. The tracheal tube ventilation apparatus of claim 14 
Wherein said reinforcing Wire is made of superelastic nickel 
titanium alloy. 

17. The tracheal tube ventilation apparatus of claim 12 
Wherein each of said holes is circular and betWeen 0.5 and 
4.0 mm in diameter, 

18. Atracheal tube apparatus for the ventilation of human 
or animal lungs comprising: 

an endotracheal tube for insertion into a human or animal 
trachea having open ends and solid side Walls, Wherein 
said endotracheal tube has a smaller cross-sectional 
stage for insertion Within the trachea, tWo larger cross 
sectional stages each connected to said smaller cross 
sectional stage for insertion above the trachea, Wherein 
one of said larger cross-sectional stages provides a 
source of humidi?ed air ?oW through said smaller 
endotracheal tube stage and the other larger cross 
sectional stage draWs expired air from said smaller 
endotracheal tube stage. 

19. A method of manufacturing a Wire reinforced, plastic 
endotracheal tube for insertion into the trachea of a human 
or animal comprising the steps of: 

selecting a generally cylindrical mandrel; 

Wrapping reinforcing Wire around said mandrel; 

forming plastic around the Wire Wrapped mandrel to a 
suitable thickness and alloWing it to harden; 

removing the Wire reinforced plastic tube from said 
mandrel; and, 

forming one or more holes in the sides of said plastic tube 
so that said holes Will be located above the larynx When 
said Wire reinforced plastic tube is inserted into the 
trachea of said human or animal. 

20. The manufacturing method of claim 19 Wherein said 
mandrel has at least tWo diameters, a smaller diameter for 
the portion of the endotracheal tube to be inserted into the 
trachea of said human or animal and a larger diameter for the 
portion of the endotracheal tube to be inserted above the 
trachea of said human or animal. 

* * * * * 


